Background: Active management of the third stage of labor is recommended for the prevention of post-partum hemorrhage and commonly entails prophylactic administration of a uterotonic agent, controlled cord traction, and uterine massage. While oxytocin is the first-choice uterotonic, it is not known whether its effectiveness varies by route of administration. There is also insufficient evidence regarding the value of controlled cord traction or uterine massage. This analysis assessed the independent and combined effectiveness of all three interventions, and the effect of route of oxytocin administration on post-partum blood loss.
Background
Post-partum hemorrhage is a leading cause of maternal death in low resource settings [1] . Clinical guidelines for the prevention of post-partum hemorrhage widely recommend provision of a package of interventions known collectively as Active Management of the Third Stage of Labor (AMTSL) [2] [3] [4] . Although there is some variation across AMSTL guidelines, the interventions commonly include prophylactic administration of a uterotonic agent, controlled traction of the umbilical cord, and uterine massage. AMTSL is intended to reduce post-partum blood loss through expediting placental delivery and preventing uterine atony [5] .
Uterotonic agents are administered shortly following delivery of the baby to stimulate uterine contractions. Oxytocin is the first-choice agent due to its high efficacy and low incidence of adverse side effects [6] [7] [8] [9] . In a 2001 systematic review of seven randomized or quasirandomized controlled trials involving more than 3000 women, oxytocin prophylaxis was associated with a 50% reduction in the risk of post-partum bleeding ≥ 500 mL, as compared with no uterotonics [6] . Oxytocin can be administered intravenously or intramuscularly and it has been widely assumed that its effect on post-partum blood loss does not vary with route of administration [7] . This assumption is based largely on a 1972 pharmacokinetic study (N = 26) that found little difference in the absorption rates of intramuscular (IM) and intravenous (IV) oxytocin [10] . Since then, no published studies have further examined this question [11] .
Controlled cord traction is intended to facilitate placental separation and delivery. It involves manual application of gentle downward tension on the umbilical cord while maintaining counter pressure on the uterus, and is administered in conjunction with uterine contractions [2, 3, 12] . So far no studies have assessed the independent effect of controlled cord traction on post-partum blood loss, and only a few have assessed its effect in combination with other AMTSL components. Most recently, a large randomized controlled trial involving more than 24000 participants found that provision of controlled cord traction had only a small, non-significant effect on the risk of severe hemorrhage among women who were already receiving oxytocin prophylaxis (intravenous or intramuscular) [13] . In contrast, a 1997 trial involving more than 1600 women found that controlled cord traction combined with intramuscular oxytocin reduced the risk of post-partum bleeding ≥ 500 mL by 50% as compared with expectant management [14] . Lastly a 2009 pilot study (N = 204) found a non-significant decrease in median blood loss among those who received all three AMTSL components, as compared with receipt of uterine massage plus oxytocin (intramuscular or intravenous) [15] .
Uterine massage is believed to stimulate uterine contractions through prompting the release of prostaglandins. As a result, in 2004 the International Confederation of Midwives (ICM) and International Federation of Gynaecologists and Obstetricians (FIGO) added uterine massage to their updated AMTSL guidelines [2] . To date, two trials have assessed the effect of uterine massage on postpartum blood loss. The first was a pilot study (N = 200) in which provision of all three AMTSL interventions was associated with a non-significant decrease in the risk of post-partum hemorrhage (> 500 mL), as compared with oxytocin plus controlled cord traction [16] . In the second trial uterine massage was associated with increased blood loss, although treatment was initiated before placental delivery rather than after, as per current AMTSL guidelines [17] .
Numerous studies have also attempted to assess the cumulative effectiveness of the full AMTSL package. Findings from a 2010 systematic review of three randomized controlled trials, all comparing active with expectant management, indicated that provision of all three interventions reduced the average risk of severe post-partum hemorrhage (≥ 1000 mL) by two-thirds [5] . The studies in this review, however, used an early definition of AMTSL that did not include uterine massage.
There are a number of important, unanswered questions about the effect of the AMTSL components on post-partum blood loss. While this is partly due to a paucity of evidence, it also results from heterogeneity across studies in selection of treatment and control groups, measurement of blood loss (e.g. visual assessment versus more objective means), and variation over time in the AMTSL package. The primary objectives of this analysis, therefore, were to assess systematically the independent and combined effectiveness of all three current AMTSL components, and to examine the effect of route of oxytocin administration on measured postpartum blood loss.
Methods
Data were collected as part of two trials that were conducted simultaneously and compared two uterotonic options (oxytocin versus misoprostol) for the treatment of post-partum hemorrhage, the details of which have been reported elsewhere [18, 19] . The trials took place between August, 2005 and January, 2008 and involved nine secondary-and tertiary-level hospitals from five countries and two distinct clinical regimens. In the first regimen oxytocin was not routinely provided during the third stage of labor, while in the second oxytocin was routinely provided. Study sites included hospitals in Egypt (one), Ecuador (one) and Vietnam (two) in the no oxytocin prophylaxis regimen; and Burkina Faso (one), Egypt (one), Turkey (one) and Vietnam (two) in the oxytocin prophylaxis regimen. The original research was approved by the Western Institutional Review Board (Seattle, WA, USA) and relevant institutional review boards in participating countries.
All women were screened for eligibility and provided written informed consent upon admission to the hospital labor ward. Women were excluded if they delivered by caesarean section, delivery occurred outside the hospital facility, or they were enrolled in the no oxytocin prophylaxis regimen but received uterotonics for any reason during labor. The study protocols were identical with exception of the provision of oxytocin prophylaxis. For women in the oxytocin prophylaxis regimen, oxytocin (10 IU or 5 IU) was administered intramuscularly or intravenously in accordance with standard hospital practice. For women in both clinical regimens, controlled cord traction and uterine massage were provided at the discretion of each site and in accordance with standard hospital practices.
Information about basic demographic and obstetric characteristics, pre-partum hemoglobin concentrations, post-partum blood loss, provision of all AMTSL components, route of oxytocin administration (if applicable), and duration of the third stage of labor were recorded for each participant. Hemoglobin was measured using a Hemocue device (Hemocue W , Ängelholm, Sweden). Blood loss was measured using a polyurethane receptacle with calibrated funnel (Brasss-V Drapes W , Excellent Fixable Drapes, India) beginning immediately after birth of the baby and continuing for the first hour postpartum or, if hemorrhage was diagnosed, until the cessation of active bleeding. Treatment for hemorrhage was provided if bleeding reached 700 mL within the first hour post-partum or, prior to that, by clinical judgment.
For this analysis we used data from eight of the nine study sites. We excluded all 1625 participants from Quito, Ecuador, the only high elevation site in the study, due to atypical blood loss patterns across the AMTSL groups studied (overall, rates of hemorrhage were 30% in Quito versus 2-12% at all other sites). We examined bivariate relationships between clinical and demographic variables and outcomes of mean and median post-partum blood loss, blood loss ≥ 500 mL, and blood loss ≥ 700 mL. For the multivariate analyses we used logistic regression with an outcome of blood loss ≥ 700 mL in order to capture the more serious cases, and because most women diagnosed with post-partum hemorrhage received treatment at this level of blood loss. We also conducted multivariate analyses using an outcome of blood loss ≥ 500 mL, and the results (not shown) were largely consistent with those obtained using the 700 mL cutpoint.
All analyses were stratified by receipt of oxytocin prophylaxis in order to adjust for heterogeneity that may have been due to clinical regimen. We were unable to include site controls directly in the regression models due to lack of within-site variation in the provision of AMTSL components.
The protocol for this analysis was approved by Princeton University's Institutional Review Board on 19 December 2009, protocol number 0000004672.
Results 8427 women were enrolled in the no oxytocin prophylaxis regimen, 8221 of whom were included in these analyses. Among the 206 excluded from analysis, 45 had caesarean sections, 153 were missing information on post-partum blood loss, and eight were missing information on AMTSL components. 31180 women were enrolled in the oxytocin prophylaxis regimen, 30981 of whom were included in these analyses. Among the 199 excluded from analysis, four delivered outside the hospital, 79 had caesarean sections, 45 were missing information on post-partum blood loss, 39 were missing information on AMTSL components, and nine did not receive oxytocin during the third stage of labor. 23 others received oxytocin plus uterine massage and were excluded due to the small number of participants for that AMTSL group.
The demographic and obstetric characteristics of study participants by AMTSL group are summarized in Table 1 . There were important country-level differences in provision of AMTSL components that were largely sitedriven. There were few other demographic differences across AMTSL groups with exception of educational attainment, which primarily reflected country-level disparities; and obstetric practices such as the timing of umbilical cord clamping and receipt of epidural and labor induction/augmentation, all of which reflected site-level differences.
The distribution of post-partum blood loss across AMTSL groups is summarized in Table 2 . The variation in median blood loss was greatest in the no oxytocin prophylaxis regimen and ranged from 300 mL among those receiving uterine massage only, to 135 mL among those receiving controlled cord traction only. Within the oxytocin prophylaxis regimen, median blood loss was highest (300 mL) among those who received intramuscular oxytocin only or intramuscular oxytocin plus controlled cord traction, and lowest (200 mL) among those who received all three AMTSL components, irrespective of route of oxytocin administration.
The incidence of post-partum hemorrhage across AMTSL groups is presented in Table 3 . With no oxytocin prophylaxis, the rate of blood loss ≥ 700 mL was highest among those who received uterine massage plus controlled cord traction (13.8%) and lowest among those who received controlled cord traction only (4.9%). With oxytocin prophylaxis, the rate of blood loss ≥ 700 mL was highest among those who received oxytocin only by intramuscular administration (3.8%) and lowest among those who received oxytocin only by intravenous administration (1.0%). Table 4 shows logistic regression results for both clinical regimens using an outcome of blood loss ≥ 700 mL. In the no oxytocin prophylaxis regimen, provision of controlled cord traction reduced post-partum hemorrhage risk by nearly 50% as compared with no AMTSL components (OR = 0.53, 95% CI 0.42-0.66). Provision of uterine massage was associated with increased hemorrhage risk, although these differences were only statistically significant for those receiving controlled cord traction plus massage (OR = 1.66, 95% CI 1.31-2.10). Other predictors of postpartum hemorrhage risk were nulliparity (OR = 1.24, 95% CI 1.04-1.48) and anemia (OR = 1.19, 95% CI 1.00-1.42).
In the oxytocin prophylaxis regimen, provision of controlled cord traction reduced post-partum hemorrhage risk by 66% when oxytocin was administered intramuscularly (OR = 0.33, 95% CI 0.25-0.45), but conferred no benefit when oxytocin was administered intravenously (OR = 1.13, 95% CI 0.43-2.96) a . Uterine massage, on the other hand, was consistently associated with increased post-partum hemorrhage risk. When comparing those who received all three AMTSL components with those who received oxytocin plus controlled cord traction, the risk of blood loss ≥ 700 mL was nearly twice as high among those with intramuscular oxytocin (OR 1.94, 95% CI 1.43-2.65) * , and nearly three times as high among those with intravenous oxytocin (OR = 2.86, 95% CI 1.46-5.59) * .
Route of oxytocin administration was important when oxytocin was the only intervention provided: in such cases intravenous administration reduced hemorrhage risk by 76% as compared with intramuscular administration (OR = 0.24, 95% CI 0.12-0.50). Route of administration had no effect, however, when oxytocin was combined with other active management interventions. There were no differences in the relative risks of blood loss ≥ 700 mL among those who received oxytocin (IV) plus controlled cord traction, as compared with oxytocin (IM) plus controlled cord traction (OR = 1.21, 95% CI 0.60-2.46) * ; or for receipt of oxytocin (IM) plus controlled cord traction and uterine massage, as compared with oxytocin (IV) plus controlled cord traction and uterine massage (OR = 0.83, 95% CI 0.64-1.07) * .
Other factors associated with post-partum blood loss ≥ 700 mL in the oxytocin prophylaxis regimen were nulliparity (OR = 2.36, 95% CI 2.01-2.76), anemia (OR = 1.28, 95% CI 1.11-1.49), prior post-partum hemorrhage (OR = 5.17, 95% CI 3.21-8.31), age 35 or older (OR = 1.46, 95% CI 1.07-1.99), and completion of secondary school or higher (OR = 1.20, 95% CI 1.00-1.44). In contrast with prior research, labor induction/augmentation did not increase bleeding risk and, in both clinical regimens, neither did multiple pregnancy [20] [21] [22] . Early clamping of the umbilical cord was also not significantly associated with hemorrhage risk in either clinical regimen and was thus dropped from the final regression models. These results were consistent with those from prior research [23] . Table 5 shows the predicted probabilities of post-partum bleeding ≥ 700 mL for all AMTSL groups. In general, the predicted probability of blood loss ≥ 700 mL was considerably higher among all groups in the no oxytocin regimen, as compared with those in the oxytocin prophylaxis regimen. There was also greater variability in predicted hemorrhage risk among those who did not receive oxytocin prophylaxis, with probabilities ranging from 4.8% for receipt of controlled cord traction, to 13.7% for receipt of uterine massage plus controlled cord traction. In the oxytocin prophylaxis regimen, the predicted probability of hemorrhage ranged from 1.0% for receipt of oxytocin (IV) only to 3.9% for receipt of oxytocin (IM) only.
Discussion
This is the first systematic assessment of the relative effectiveness of almost every possible combination of AMTSL interventions. There were important findings related to the provision of controlled cord traction. Our results suggest this intervention plays an important role in preventing post-partum hemorrhage under two circumstances: 1) when oxytocin prophylaxis is unavailable during the third stage of labor, and 2) when oxytocin prophylaxis is available but administered intramuscularly. On the other hand, it may be unnecessary if oxytocin prophylaxis is administered intravenously. Our findings are especially relevant in light of recent evidence that suggests controlled cord traction has little effect on post-partum blood loss when combined with oxytocin [13] . In this study, however, oxytocin was provided intramuscularly and intravenously, and the analyses did not the potential effect of route of oxytocin administration. Our findings are also important in light of recent concerns about whether controlled cord traction increases risks for uterine inversion or placental separation from the umbilical cord [15] . There were no reported complications related to AMTSL practices in either clinical regimen. However, the providers administering controlled cord traction were all highly skilled physicians and nurses working in hospital settings. On the other hand, this procedure may be most valuable in non-hospital settings where oxytocin is either unavailable or available by IM injection only. Since providers in these settings often have less training than those in hospital settings, this could increase procedure-related complication risks. We found no evidence to support provision of uterine massage for the prevention of post-partum hemorrhage. In fact, our findings uniformly suggest that uterine massage either increases post-partum blood loss or confers no added benefits. This was true in both clinical regimens and is consistent with findings from prior research [17] . These findings likely reflect some selection bias, however, since uterine massage is often provided in response to heavy post-partum bleeding. We suspect this may have occurred to some degree in our study, particularly among those for whom uterine massage was initiated either before or during placental delivery, rather than after as per current AMTSL guidelines [2] . Furthermore application of abdominal pressure may facilitate expulsion of blood into the measurement receptacle at a more rapid pace than would otherwise occur. If so, this may also explain at least some of the positive association between uterine massage and time dependent measures of post-partum blood loss, even if the intervention itself was not a source of increased bleeding.
Our analysis also provided an opportunity to examine the effect of route of oxytocin administration on post-partum blood loss. The results indicate that the longstanding assumption of equivalent effect may be incorrect, and that intravenous administration is superior to intramuscular administration. The evidence for this can be found in the large differences in hemorrhage risk among those who received oxytocin only. The fact that route of administration had no discernible effect on hemorrhage risk when oxytocin was combined with other active management interventions suggests that any underlying differences due to route of administration are mediated by the presence of controlled cord traction and possibly also by uterine massage.
While one of the key strengths of this analysis was the large number of participants in each AMTSL group with objectively measured blood loss post-partum, there were also several limitations. The studies were carried out in hospital facilities only, and thus may not be generalizable to other delivery settings. In addition, the provision of AMTSL components was not randomly assigned. Finally, there was some variation in procedures for administering AMTSL interventions, and these differences occurred both within-and between-sites. This variation is also a strength, however, since it reflects real differences in implementation of active management of the third stage of labor [24] [25] [26] [27] . 
Intravenous administration
Oxytocin only 1.0%
Oxytocin + CCT 1.1%
Oxytocin + CCT + UM 3.1%
Predictions were generated from regression models summarized in Table 4 . They reflect the average probability of post-partum blood loss ≥700mL, assuming that all study participants in each clinical regimen received each AMTSL treatment but otherwise retained their observed characteristics.
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